Increased discounting (devaluing) of delayed rewards is associated with nearly all types of substance use disorders (SUDs) and is also present in individuals with family histories of SUDs. Early life adversity (ELA) likely contributes to these findings as it is common in both individuals with SUDs and their children and is linked to increased delay discounting and other neurocognitive impairments in human and animal studies. Here we examined data from 1192 healthy young adults (average age 23.6 years old) with (SUDsϩ) and without (SUDs-) histories of SUDs and with (FHϩ) and without (FH-) family histories of SUDs. A 2-way ANOVA was conducted to examine the effects of SUDs (SUDs-, SUDsϩ) and FH (FH-, FHϩ) on delay discounting followed by an examination of the effects of adding ELA to the model. First, we replicated findings that SUDsϩ and FHϩ participants had increased rates of delay discounting. After taking ELA into account, the effect of SUDs and FH on delay discounting were both reduced but still significant. The association of ELA and delay discounting was similar in magnitude among both SUDsϩ and SUDsϪ participants and FHϩ and FH-participants; those with higher levels of ELA had increased delay discounting. Collectively, these findings indicate that increased ELA is closely associated with the increased delay discounting seen in SUDsϩ and FHϩ individuals and suggests ELA may be contributing to the increased delay discounting seen in these populations.
Increased discounting (devaluing) of delayed rewards is associated with nearly all types of substance use disorders (SUDs; Amlung, Vedelago, Acker, Balodis, & MacKillop, 2017; Bickel, Koffarnus, Moody, & Wilson, 2014; MacKillop et al., 2011) . Increased delay discounting at least partially predates SUDs as nonabusing children and adults with family histories of SUDs (FHϩ) have elevated delay discounting compared to controls with no such family histories (FH-; Acheson, Vincent, Sorocco, & Lovallo, 2011; Dougherty et al., 2014 Dougherty et al., , 2015 , and increased delay discounting in children predicts later problem substance use (Fernie et al., 2013; Khurana, Romer, Betancourt, & Hurt, 2017; Kim-Spoon, McCullough, Bickel, Farley, & Longo, 2015) . Increased delay discounting has been proposed as a SUDs endophenotype (MacKillop, 2013) , and both genetic and environmental influences contribute to increased delay discounting MacKillop et al., 2015) .
The increased delay discounting in SUDs patents and FHϩ individuals is potentially linked to having been exposed to early life adversity (ELA), which is common for these populations and linked to elevated SUDs risk (Acheson, Vincent, Cohoon, & Lovallo, 2018; Fenton et al., 2013; Kendler et al., 2012; Konstenius et al., 2017) . ELA is linked to increased delay discounting in both humans and rodents (Gondre-Lewis et al., 2016; Kang et al., 2017; Lovallo et al., 2013; Simmen-Janevska, Forstmeier, Krammer, & Maercker, 2015) , and increased delay discounting links ELA with substance use in adults (Oshri et al., 2018) . ELA may increase delay discounting by interfering with development of neural circuits crucial for impulse control and decision-making (Bick & Nelson, 2016; Lijffijt, Hu, & Swann, 2014; Oshri et al., 2018) . Alternatively, while increased delay discounting is typically interpreted as increased impulsivity, it may actually reflect a perception that delayed rewards are more unreliable Reynolds, Patak, & Shroff, 2007) . Thus, individuals exposed to more ELA expect delayed rewards to be less reliable and opt for more immediate rewards as a conservative risk-averse strategy.
Here we examined effects of SUDs, FH, and ELA on delay discounting in a large cohort of young adults. We hypothesized that SUDs, FH, and ELA would each be significantly associated with delay discounting and that the main effects of SUDs and FH on delay discounting would diminish when ELA was considered simultaneously. We also examined potential interactions with ELA and SUDs and ELA and FH status on delay discounting. Given evidence for ELA synergistically amplifying SUDs risk in genetically vulnerable individuals (Fenton et al., 2013; Kendler et al., 2012) , we hypothesized that ELA may be associated with larger increases in delay discounting in persons with SUDs and FHϩ individuals due to presumed gene-by-environment interactions.
Method

Participants
We examined data from 1192 young adults recruited from the local community who were 18 -30 years of age and were screened for potential inclusion in the Family Health Patterns (FHP) project (Acheson et al., 2018; Lovallo et al., 2016) , a large-scale study aimed at characterizing temperament, cognitive functioning, stress reactivity, and genetic influences in nonabusing FHϩ and FHyoung adults to identify risk-related phenotypic differences in the absence of potential confounding effects of excessive alcohol or other drug use. Participants included in this analysis had complete data for relevant study variables (77% of the full sample of screened participants). Many (1032) of these subjects were included in previous publications that reported a principal component analysis on the delay discounting and ELA measures reported here, as part of a battery of demographic, temperament, and cognitive measures (Acheson et al., 2018) . In the present study, we examined effects and potential interactions of SUDs, FH, and ELA on delay discounting. All participants signed consent forms approved by the Institutional Review Boards at the University of Oklahoma Health Sciences Center and the Veterans Affairs Medical Center in Oklahoma City, OK, the University of Texas Health Sciences Center, San Antonio, TX, or the University of Arkansas for Medical Sciences, Little Rock, AR. All participants were paid for their participation. Privacy was further protected by a Certificate of Confidentiality from the U.S. Department of Health and Human Services.
Screening, Inclusion, and Exclusion Criteria
Subjects were recruited using advertisement in local newspapers, flyers posted in locations frequented by persons of the desired age range including college campuses, direct contact via campus job fairs and student activities, and electronic media including Craigslist and campus listservs directed to students and staff. This multipronged approach to subject recruitment is preferable to a single source of volunteers, such as students or campus employees, and is superior to random telephone dialing in terms of attracting the needed numbers of volunteers (Sorocco, Vincent, Collins, Johnson, & Lovallo, 2006) . Subjects were screened by telephone to ensure general conformity with entrance criteria followed by a laboratory visit for further evaluation. Physical health was assessed through a medical history checklist and self-report of current good health. Psychiatric history was assessed using the computerized version of the Diagnostic Interview Schedule updated for DSM-IV diagnoses (C-DIS-IV; Blouin, Perez, & Blouin, 1988) administered by a trained interviewer working under the direction of a licensed clinical psychologist.
Inclusion criteria. To qualify, participants were required to be in good health, not use CNS-acting medications, and have no history of neurological impairment or diabetes mellitus. They were also required to have been raised by at least one biological parent and be in contact with them, and be between 18 and 30 years old.
Exclusions. Participants were not allowed to participate if they reported any suspected maternal alcohol or other drug use during gestation, had grandparents with SUDs but no parents with SUDs, or were unable to provide credible report of family alcohol use patterns for two generations.
Analytic Variables
Substance use disorders (SUDs) were assessed using the C-DIS-IV diagnostic interview modules for alcohol and substance use disorders. Absence of SUDs history (SUDs-) was coded 0 and presence (SUDsϩ) was coded 1.
Family history of alcohol and other drug use disorders. Family history classification was established using Family History Research Diagnostic Criteria (FH-RDC), which have a high degree of interrater reliability for substance use disorders diagnoses (Andreasen, Endicott, Spitzer, & Winokur, 1977) . Persons were considered FHϩ if either biological parent met FH-RDC criteria for alcohol or other drug use disorder. FH-were those reporting an absence of SUDs in their biological parents and grandparents. During the consent process, all participants were asked if parents could be contacted to ask about alcohol and other substance use in the immediate family. Questionnaires were mailed to parents of participants who agreed to allow parent contact and participated in the FHPP main study. This yielded completed questionnaires for 298 participants. We received parental confirmation for 274 of these participants, and 6 were reassigned based on parent reports. Eighteen participants were excluded due to parents reporting they had no SUDs themselves but that the participants had a grandparent who did.
Early life adversity. ELA scores were derived from items on the posttraumatic stress disorders module on the C-DIS-IV, which has a high degree of test-retest and interinstrument reliability (Foa & Tolin, 2000) . The items were intended to cover the same three major domains addressed in the retrospective reports obtained by Caspi and colleagues (2002) , including physical abuse, sexual abuse, and separation from parents as follows: Physical or Sexual Adversity (Have you ever been mugged or threatened with a This document is copyrighted by the American Psychological Association or one of its allied publishers.
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weapon or ever experienced a break-in or robbery? Have you ever been raped or sexually assaulted by a relative? Have you ever been raped or sexually assaulted by someone not related to you?), and Emotional Adversity (Before you were 15, was there a time when you did not live with your biological mother for at least 6 months? Before you were 15, was there a time when you did not live with your biological father for at least 6 months?). ELA scores ranged from 0 (no adverse events) to 5. In the present dataset, our ELA measure had Cronbach's standardized alpha of 0.474, consistent with the measure indexing discreet, nonoverlapping events. Delay discounting was assessed with a paper and pencil questionnaire (Acheson et al., 2011; Kirby, Petry, & Bickel, 1999) . Participants completed 27 fixed-choice options between immediate, smaller and delayed, larger hypothetical amounts of money (e.g., "Would you prefer (a) $54 today or (b) $80 in 30 days?"). Delayed amounts of money ranged from small ($25-$35), medium ($50 -$60), to large ($75-$85). Rates of delay discounting were characterized by calculating k values based on Mazur's hyperbolic discounting function (Mazur, 1987) for choices in each of the three delayed monetary categories. For this study, k values were averaged across the three monetary categories and log transformed. Higher average k values indicated increased delay discounting.
Statistical Analysis
A 2-way ANOVA using the general linear model (GLM) framework was conducted to examine the effects of SUDs (SUDs-, SUDsϩ) and FH (FH-, FHϩ) on delay discounting followed by an examination of the effects of adding ELA (0, 1, 2ϩ events) to the model. Post hoc tests were conducted using the Tukey's HSD test for multiple comparisons. Statistical significance was set at .05 for all analyses.
All data analyses for this article were generated using SAS software, Version 9.4 of the SAS System for Windows.
Results
Demographic characteristics are shown in Table 1 . SUDsϩ subjects were more likely to be male and older, and FHϩ subjects were more likely to be female and have lower childhood SES. Both SUDsϩ and FHϩ subjects were more likely to be less educated, have lower estimated intelligence, and more ELA. Participants who were excluded because of incomplete data had similar demographic characteristics as the subjects included here (data not shown). Note. Mental age (estimated intelligence) scores were obtained using the Revised Shipley Institute of Living Scale (Zachary, 1986) . Childhood SES (socioeconomic status) scores were obtained using the Hollingshead scale (Hollingshead, 1975) based on the primary occupation of the main breadwinner in the household in which the participant grew up. This document is copyrighted by the American Psychological Association or one of its allied publishers.
The interaction between SUDs and FH in the two-way ANOVA was not significant (p ϭ .11), thus it was removed from the model. However, despite being nonsignificant, the pattern of means was in the hypothesized direction with highest delay discounting observed among the SUDsϩ/FH ϩ group (see Figure 1) Figure  2 , main effect of ELA: F(2, 1187) ϭ 6.43, p ϭ .002, semipartial 2 ϭ .009). Post hoc analyses demonstrated that delay discounting increased as ELA increased and was significantly higher among those with 2 or more ELA events (LSM ϭ Ϫ4.11, SE ϭ 0.08) in comparison to 0 ELA events (LSM ϭ Ϫ4.50, SE ϭ 0.07; p ϭ .001) but not 1 ELA event (LSM ϭ Ϫ4.30, SE ϭ 0.07; p ϭ .18). The model including these three factors explained 5.6% of the variability in delay discounting scores, which was a significant improvement upon the 2-factor model, F(1, 1190) ϭ 6.43, p ϭ .01. None of the 2-or 3-way interactions were significant so they were removed from the model prior to interpretation of effects.
We then repeated the above analyses including estimated intelligence (mental age), childhood SES, and years of education individually as covariates. In the 2-factor model, the effects of the predictors were somewhat modified, but both SUDs and FH were still significantly associated with delay discounting after controlling for each of the 3 covariates. In the 3-factor model after controlling for each of the three covariates, the SUD effect was still significant; however, delay discounting no longer differed significantly between the FH groups, and the effect of ELA was marginal.
Discussion
Here we examined effects of SUDs, family history of SUDs, and ELA on delay discounting in a large cohort of young adults. First, This document is copyrighted by the American Psychological Association or one of its allied publishers.
we replicated findings that SUDsϩ and FHϩ participants had increased delay discounting. After taking ELA into account, the effect of SUDs and family history of SUDs on delay discounting both were reduced, particularly family history effects. The association of ELA and delay discounting was similar in magnitude among both SUDsϩ and SUDsϪ participants and FHϩ and FHparticipants; those with higher levels of ELA had increased delay discounting. Collectively, these findings indicate that increased ELA is closely associated with the increased delay discounting seen in SUDsϩ and FHϩ individuals and may be playing a causal role. Delay discounting has received extensive attention in addiction research because nearly all types of SUDs are associated with increased delay discounting MacKillop, 2013; MacKillop et al., 2011) . Other studies have examined the role of FH status on delay discounting. Early, small-sample studies investigating delay discounting in FHϩ individuals found mixed results (Crean, Richards, & de Wit, 2002; Herting, Schwartz, Mitchell, & Nagel, 2010; Petry, Kirby, & Kranzler, 2002) , however we and others have subsequently demonstrated that FHϩ children, adolescents, and adults have increased delay discounting (Acheson et al., 2018; Acheson et al., 2011; Dougherty et al., 2014 Dougherty et al., , 2015 VanderBroek, Acker, Palmer, de Wit, & MacKillop, 2016) , although these increases in delay discounting are typically modest, like we observed in the present study. Both SUDsϩ and FHϩ individuals typically experience more ELA than SUDs-and FH-controls (Acheson et al., 2018; Konstenius et al., 2017) , and our present results suggest that differences in ELA exposure may contribute to delay discounting effects observed in these populations. Despite evidence that ELA interacts synergistically with presumed-genetic vulnerabilities in FHϩ children to increase SUDs risk (Fenton et al., 2013; Kendler et al., 2012) , no synergistic effects were seen in the present data. However, delay discounting may be more impacted by ELA in individuals with specific genotypes.
Because of the cross-sectional nature of our data, it is not possible to determine causal relationships between ELA and delay discounting, but we assume that ELA precedes the measures made here, and we interpret our results as reflecting a contribution of ELA to DD. There are two major ways in which ELA may influence DD in adulthood. In our analyses, examining SUDs, FH status, and ELA effects on delay discounting simultaneously, including estimated intelligence, childhood SES, and years of education as covariates, made FH effects on delay discounting no longer significant, suggesting that FH related differences in those variables may be closely linked to their elevated delay discounting. It is possible that this may reflect ELA inducing disruptions in neurocognitive development leading to behavioral and neurobiological traits commonly found in FHϩ individuals (Acheson et al., 2018; Cservenka, 2016) . Consistent with this, we and others have found that persons with SUDs and FHϩ children and young adults have decreased white matter integrity in frontal tracts implicated in delay discounting performance (Acheson, Wijtenburg, Rowland, Bray, et al., 2014; Acheson, Wijtenburg, Rowland, Winkler, et al., 2014; Achterberg, Peper, van Duijvenvoorde, Mandl, & Crone, 2016; Chung et al., 2007; Liu et al., 2010; McQueeny et al., 2009; Peper et al., 2013; Romero, Asensio, Palau, Sanchez, & Romero, 2010; Upadhyay et al., 2010) , and ELA is directly linked to similar decreases in frontal white matter integrity in both humans and nonhuman primates (Daniels, Lamke, Gaebler, Walter, & Scheel, 2013; Howell et al., 2013) . In contrast, ELA may also promote increased delay discounting as a conservative, adaptive strategy for navigating environments where delayed rewards are unreliable. Consistent with this, previous studies have reported correlations between increased delay discounting of delayed rewards and increased perceived uncertainty delayed rewards Reynolds et al., 2007) .
This study has strengths and limitations. This study had a large, well-characterized sample that consisted of FHϩ and FH-young adults with and without substance use disorders. We used a crosssectional rather than longitudinal design, allowing us to identify associations between ELA and delay discounting but not causal relationships. Our sample included an increased representation of FHϩ individuals, facilitating the analyses we performed but also potentially limiting how well these findings may generalize to the general population. As a quality control check, we contacted parents for a subset of subjects when both the subject and parent agreed to complete a family history questionnaire. Of parents who were contacted, 92% confirmed their child's report of FH status. It is therefore likely that a small portion of participants in this report may have uncertain FH status. To limit the influence of nonspecific neurological impairments, we excluded individuals who reported maternal alcohol or other drug use during pregnancy. As a result, individuals with mothers with persistent alcohol or other drug use disorders may have been excluded. Our ELA measure was derived from our psychiatric screening data, and we did not collect specific information on age when the adverse events occurred. However, for later enrolled subjects we also collected the Childhood Trauma Questionnaire (Pennebaker & Susman, 1988) and found it to be robustly correlated with our ELA measure, r ϭ .601, p Ͻ .0001, suggesting it primarily reflects early childhood adversity. Furthermore, ELA was retrospectively reported and thus may be subject to recall biases, although the severity of events we are assessing makes this unlikely. There were demographic differences between SUDsϩ and SUDs-and FHϩ and FH-groups, including years of education and estimated intelligence. Additionally, it is unclear to what degree ELA is directly associated with delay discounting versus being a corollary of heritable parental characteristics. For instance, FHϩ children whose parents have more severe SUDs are likely to experience more ELA. Similarly, FH-children whose parents make impulsive decisions but do not abuse alcohol or other drugs are also likely to experience more ELA. However, findings in rodents suggest that ELA can independently increase delay discounting (Gondre-Lewis et al., 2016) .
In summary, these findings indicate that increased ELA is associated with the increased delay discounting seen in individuals with SUDs or family histories of SUDs. These results may be considered in a larger context of intergenerational transmission of SUDs. FHϩ children are disproportionately exposed to ELA, and ELA appears to promote decision-making tendencies and other behavioral and emotional issues that increase risk for SUDs and ultimately increase risk for their children to experience increased ELA. In contrast, FHϩ children adopted to more stable and nurturing environments have reduced SUDs risk (Kendler, Ohlsson, Sundquist, & Sundquist, 2016) , and early interventions for maltreatment reduces risk-related neurocognitive impairments (Jankowski et al., 2017; Weller, Leve, Kim, Bhimji, & Fisher, 2015) . In the absence of strategies to effectively target and treat This document is copyrighted by the American Psychological Association or one of its allied publishers.
SUDs genetic risk factors in FHϩ children, early and effective interventions for ELA in FHϩ children may be one of the best available options for SUDs prevention.
